We used bulk stable isotope analysis (SIA) to examine diel feeding activity in two vertically migrating krill species, Thysanoessa gregaria and Euphausia similis, off eastern Australia. SIA indicated feeding by both species above the thermocline at night, potentially on both particulate organic matter and microzooplankton. Our results support the use of SIA to investigate vertical migration and feeding in zooplankton.
however, present another possibility (Williamson et al., 1996) , as migrating zooplankton are known to feed in surface waters at night.
Assessment of DVM can be performed using several techniques, including net sampling and acoustic surveys (Cisewski et al., 2010) . The limitations of sampling patchy organisms with nets, especially swarming species, at times make it difficult to imply vertical movement of zooplankton from such data. Coupling these data with stable isotope analysis (SIA) may improve the confidence in conclusions regarding diel -vertical migration in oceanic environments, and also reveal factors which might contribute to the migration behaviour. SIA can be used to distinguish vertical variation in carbon and nitrogen sources for primary consumers such as krill (Hannides et al., 2013) , and organisms undertaking a feeding migration could potentially reflect the isotopic value of particulate organic matter (POM) in its feeding habitat. This article reports the effect of apparent DVM on the d 13 C and d
15 N in two species of euphausiids, Euphausia similis and Thysanoessa gregaria, and highlights likely differences in the feeding patterns.
Samples were collected from the RV Southern Surveyor, during the austral spring (late September to early October) 2010 in the Tasman Sea off the East Australian coast (Fig. 1 ). Samples were taken from above and below the thermocline (Fig. 2) in the East Australian Current (Ridgway, 2007) adjacent to Crowdy Head (31.758S), on two consecutive days during both the day and night (n ¼ 2 per depth), using a Multiple Opening/Closing Net and Environmental Sampling System (MOCNESS, consisting of five 330 mm mesh nets and a Seabird SEACAT 19plusV2 conductivity-temperature-depth recorder, and a low frequency strobe to limit net avoidance of euphausiids, Wiebe et al., 2004) . Depths between 500 -400, 400-200, 200-100, 100 -50 and 50 m surface were sampled using the MOCNESS, and euphausiids from each net were sorted, enumerated and frozen for later SIA. Water samples were also obtained at 500, 400, 300, 150, 100, 50 and 25 m depth, using a rosette water sampler. Nutrient analyses were conducted on board and followed the approach described in Cowley et al. (Cowley et al., 1999) , with an approximate accuracy of 0.02 mM. During the study, surface waters were warm, saline (Fig. 2) , oxygenated and oligotrophic, whereas below the thermocline, waters were cooler, had higher nitrate concentrations and lower dissolved oxygen (Table I) .
Approximately 5 mg (dry weight; 5 -10 individuals) of frozen euphausiid tissue was processed from each sample for stable isotopes using standard methods (described in Syahailatua et al., 2011) , and samples analysed on a 20-20 IRMS/ANCA SL Elemental Analyser (Europa Scientific). Carbon and nitrogen isotopic composition was expressed relative to the international standard as d (Fry, 2006) and analytical precision was determined to be + 0.09 % (SD). POM samples were filtered on to pre-combusted glass fibre filters and measured as described above. DVM was evaluated for each species separately using a KolmogorovSmirnov (KS) test (Zar, 1984) . The potential for vertical feeding migration was evaluated by comparing d
C and d

15
N of POM, E. similis and T. gregaria samples between habitats and day/night, using a univariate analysis of variance to establish whether changes in d 13 C and d 15 N across depth were consistent across species. As data were not normally distributed, a permutational test of significance was performed (using Wilks statistic in the R statistics package, R Development Core Team, 2012) .
The region in which krill were collected was situated in East Australian Current waters with a sea surface temperature (SST) of 208C ( Fig. 1 ) and a thermocline depth of 140 m (Fig. 2) . A lower SST on the shelf adjacent to Crowdy Head and our sampling station indicated the possible presence of upwelled water. Both E. similis and T. gregaria showed evidence of DVM from below the thermocline during the day to above the thermocline at night (KS test: E. similis, n ¼ 12, D ¼ 90, P , 0.01; T. gregaria, n ¼ 6, D ¼ 65, P , 0.05; Fig. 2 ).
POM samples were significantly more enriched below the thermocline than in surface waters for both d 13 C and d (Fig. 3) , particularly above the thermocline where a difference of 3-4‰ for d 15 N was observed. Given that 2‰ can be considered to represent one trophic step at low trophic levels in oceanic habitats (Mc Clelland and Montoya, 2002) , our results suggest a potential intermediate trophic step between POM and krill, possibly reflecting feeding of krill on microzooplankton above the thermocline at night when samples were collected. The absence of an analogous difference in d
15 N values between the greatly enriched POM and krill sampled below the thermocline suggests that individuals captured in these habitats were not feeding at depth, most likely exploiting resources in the surface waters following nocturnal vertical migration. This result supports that of Hannides et al. (Hannides et al., 2013) who found that zooplankton fed mainly in surface waters, although their study cautioned that other food sources must contribute to "zooplankton metabolic needs at depth". POM showed a small enrichment in d
13
C between habitats; however, the reason behind the large enrichment between POM and both krill species is unusual and cannot be confidently resolved using our data set; although one explanation could be preferential harvesting of certain components within the POM, for example by size. A significant difference in d
C values between the two krill species above the thermocline (F 1,78 ¼ 9.08, P ,, 0.01) suggests possible niche separation and different strategies in carbon uptake. Lipid content was low in all krill samples analysed (mean C:N ¼ 3.7; SD ¼ 0.2), suggesting this was not the reason for the observed difference.
The use of stable isotopes in this study enabled differences in the food sources of the two habitats to be highlighted. Previous studies examining horizontal migration of species usually depend on a change in diets, or differing isotopic compositions at the base of the food web in different areas. Differences in the base isotopic ratios of the habitat will pass throughout the trophic food web, thus allowing different regions to be distinguished. Fry (Fry, 1981) was the first to look at migration with carbon isotopes, assessing offshore migration of Penaeus aztecus and using SIA as a method of tracking the migration. He showed that it was possible to determine movement where the source d 13 C is significantly different from the other origins being utilized.
There are, however, some limitations of the approach. The basic foundation of this process is having a welldefined, consistent difference in the d 13 C of the POM in the different habitats being sampled (Fry, 1981) . Where organisms move between habitats, their movements need to be sustained over time and driven by feeding, then the isotopic composition of the organism will represent that of the feeding habitat in which they primarily feed. If this is not the case, then isotopic turn-over rates are likely to be too long to allow sufficient resolution. In our study, Fig. 1 . Map of study region, showing the location of Crowdy Head, the sampling station and the regional sea surface temperature (SST, 8C) in the period that samples were collected. assessing temporal variation in krill biomass in conjunction with isotopic composition supports the model that migration of E. similis to the surface is a diel process, related to exploiting high productivity in surface waters during the night. Thysanessa gregaria were also found to possibly migrate, but over a much smaller vertical range and had d
15 N values comparable to E. similis. The enrichment in d 15 N relative to POM above the thermocline indicated a potential intermediate trophic step, if a trophic enrichment factor (TEF) of 2 ‰ per trophic level is applied. We note that Post (Post, 2002) reports a widely employed TEF of 3.4 ‰, derived from freshwater food webs; however, our decision to apply the TEF reported by Mc Clelland and Montoya (Mc Clelland and Montoya, 2002 ) is justified given this value was determined for lower trophic levels in a oceanic ecosystem. Despite this, the intermediate trophic step proposed here needs to be further evaluated through SIA of potential microzooplankton prey, and potentially through analysis of euphausiid stomach contents. Euphausiids have been shown to be preyed upon by more species than any other pelagic order in south eastern Australian waters (Bulman et al., 2011) . Many of these predatory species include mackerel, myctophids, tuna, redbait, trevally, squid, sea birds and other zooplankton, and are found predominately in the surface waters allowing migrating zooplankton to take refuge in deep waters (Bulman et al., 2011) . These species prey in the surface waters as they are largely visual predators and thus require light to aid their predation. By migrating to depth during the day, both species may effectively avoid the dangers presented by these visual predators.
The results presented here indicate that isotopic signatures of euphausiids and POM show promise in understanding the factors contributing to vertical migration of euphausiids and other zooplankton species; and can add power to conclusions drawn from depth stratified sampling. The results support a model of a nocturnal vertical feeding migration to surface waters, which lends support to the general theory of drivers for DVM being avoidance of visual predators and feeding in productive surface waters. It is important to note, however, that there is a strong potential for variation in behavioural traits in euphausiids, particularly within species found between different water masses. Developing the ideas presented here across a broader spatial range and for other migrating and non-migrating species would help clarify our observations, and provide additional insight into the strategies employed by vertically migrating zooplankton.
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